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RESOURCE PARTITIONING AMONG THE ACANTHURIDS ACANTHURUS CHIRURGUS AND
ACANTHURUS BAHIANUS AT DISCOVERY BAY, JAMAICA
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Abstract:  Species with overlapping niches often partition resources in order to reduce inter-
specific competition. Two herbivorous species of acanthurids, ocean surgeons (Acanthurus
bahianus) and doctor fish (A. chirurgus) appear to have overlapping resource needs in the coral
reefs of Discovery Bay, Jamaica. We examined whether these two species partitioned resources
in order to avoid interactions and reduce competition. We found that these fish exhibited spa-
tial partitioning, with more doctor fish occurring in shallow waters and more ocean surgeons
at depths below 5 m. In the shallow depths, A. bahianus and A. chirurgus tended to school with
both congenerics and other species, while at deeper depths, individuals tended to be in schools
with only other species, i.e. without congenerics. The dominant food type observed in 15 s
observation periods did not differ between the two species. Thus, our results indicate that
resource partitioning between ocean surgeons and doctor fish occurs via spatial distribution
but not necessarily through food preferences. Our results also suggest there are different school-
ing patterns for both species at different depths, possibly because there is decreased pressure to
avoid congeneric interactions in shallow depths where food resources may be more abundant.
The intricacies of the relationships between species with closely overlapping niches contributes
to understanding the high diversity of coral reef fish assemblages.
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INTRODUCTION cause they have very similar food preferences
(Earle 1972), acanthurids may be able to re-
Interference competition between duce interspecific aggression by schooling
tropical reef fish has been demonstrated to with non-congeneric species, i.e. schools with
structure habitat use in species whose niches other than ocean surgeons or doctor fish, such
overlap (Robertson and Gaines 1986). The as parrot fish and wrasses.
greater the overlap in distribution or forag- We hypothesize that ocean surgeons
ing habits, the more intense the competition and doctor fish should partition spatial and
will be, especially when resources are limit- food resources and minimize social encoun-
ing. Two species of acanthurids, ocean sur- tersinschools. Specifically, (a) ocean surgeons
geons (Acanthurus bahianus) and doctor fish and doctor fish should be found at different
(A. chirurgus), are both herbivores which feed depths, (b) both species should school more
mainly on macroalgae, but also diatoms and often in mixed-species schools with non-
microalgae found in sediment (Barlow 1974). congenerics than those with congenerics, and
Although commonly geographically isolated (c) the feeding habits of both species should
(Thresher 1980), they locally co-occur in Dis-  differ in order to reduce interspecific compe-
covery Bay, Jamaica. While interspecific ag- tition for food resources.
gression can be intense within this family
(Robertson and Gaines 1986), research sug- METHODS
gests that these interactions can be minimized
by partitioning resources in a variety of ways. From 6 - 9 March 2000 we collected data
Acanthurids may reduce interactions by reef- near the LTS site of Discovery Bay, Jamaica.
wide spatial distribution. Additionally, be- To determine the frequency of different
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schooling types and the abundance of
acanthurids at different depths, we swam
eight 5-min transects at each of eight depths:
on the back reef at 1 - 3 m, on the reef crest at
0 - 1 m, and six 2-meter intervals on the fore
reef from 1 — 10 m. Transects were 2-m wide
and followed the contour line of the reef. Ev-
ery ocean surgeon and doctor fish occurring
in each transect was noted, along with the
composition of the group with which it was
associated. School categories were: alone,
mixed-species schools with congenerics (i.e.
either one or more individuals of the same
species or same genus in the school), and
mixed-species schools with non-congenerics
(i.e. one individual of one species of
Acanthuridae in the school of other species,
such as parrotfish and wrasses).

To determine the feeding habits of A.
bahianus and A. chirurgus at the different
depths and within the various school types,
two divers surveyed each depth for approxi-
mately 40 minutes, recording one observation
of aggregation type and feeding activity per
species per school type encountered. We used
the same school types as in transect surveys,
and we described feeding activity as both the
number of bites taken over a 15-s observation
period and the dominant food type (that
which received the majority of bites). We clas-
sified the foraging substrate as Dictyotidae
algae, microalgal turf, Halimedaceae algae, all
other macroalgae, epiphytes upon Thalassia
testudinum, or sand. Each 15 s observation
period began when the diver observed a fish
beginning to feed.

We used contingency analysis to exam-
ine the relationship between the total num-
ber of individuals in each species at each of
the 2 m depth intervals. Because we observed
a sharp distinction between abundances in
depths greater than or less than 5 m, we
grouped all data accordingly, and analyzed
the effects of species on school type and domi-
nant food types within shallow depths (<5m

deep) and deep depths (> 5 m deep). We ex-
amined the relationships between the num-
ber of A. bahianus and A. chirurgus found in
each of three school types for each depth
group. We also compared the diets (defined
by the percentages for each food substrate
occurring as the dominant food type) of each
species for both shallow and deep depths.
Additionally, the mean numbers of bites per
observation period were compared among the
different school types for A. bahianus and A.
chirurgus using an ANOVA.

REesuLTs

The abundance of ocean surgeons and
doctor fish varied with depth; more doctor fish
than ocean surgeons were found in the fore
reef in depths shallower than 5 m, and more
ocean surgeons than doctor fish were found
at all depths deeper than 5 m (Figure 1). In64
transects, we made 275 observations of
acanthurids schooling or swimming alone: 77
observations were of lone individuals, and 198
were of schools with one or more acanthurids.
There was no difference in the abundances of
acanthurids between shallow and deep depths
(t=1.624,df =6, p = 0.156).

There was no significant relationship
between species and school type (alone, school
with congenerics, mixed school with non-
congenerics) in either the shallow (<5m) or
the deep (> 5 m) depths (shallow: G =3.178, df
=2,p =0.204; deep: G=0.13, df=2,p=0.939).
Acanthurids were more likely to be found in
schools with non-congenerics in deep depths,
and in schools with congenerics in shallow
depths (Figure 2).

The overall diet of ocean surgeons and
doctor fish did not differ from one another in
either shallow or deep depths (shallow: G =
7.00,df =5, p = 0.156; deep: G =3.02, df=4,p
=(.555). The majority of the acanthurids’ diet
was composed of Dictyotidae in the shallow
depths, while the majority of their diet was
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Figure 1. Total number of Acanthurus bahianus and A.
chirurgus observed in eight five-minute transects at each
of eight depths. Transects were conduced in the fore reef
and adjacent back reef at the LTS site, Discovery Bay
Marine Laboratory, Jamaica. 1-3* depth interval
corresponds to this depth (m) in the back reef, 0-1 m
depth interval corresponds to the reef crest, and all other
intervals correspond to depths in the fore reef.

composed of Dictyotidae and microalgal turf
in the deep depths (Figure 3).

The mean number of bites taken by a
fish in a 15 s period was greater when fish
were alone or in schools with non-congenerics
(9.31£0.76 and 10.92 +0.53, respectively) than
when fish were in mixed schools with
congenerics (6.74 + 0.47) (x £ SE, F4 269 =
17.74, p < 0.0001).

DiscussioN

Our results demonstrated spatial par-
titioning between A. bahianus and A. chirurgus.
Abundances were similar in the shallow
depths, but ocean surgeons dominated in the
deeper depths, corresponding to past studies
that found doctorfish in shallower waters than
ocean surgeons (Thresher 1990).

Both species of Acanthuridae appeared
to use schools to partition resources in the
deeper depths, where individual ocean sur-
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Figure 2. Comparison between school type (fish
occurring alone, in mixed-species schools with
conspecifics, and in mixed-species schools with non-
congenerics) in the percent of total observations recorded
during 15 s observation periods of ocean surgeons and
doctor fish in Discovery Bay, Jamaica.

geons and doctorfish spent a greater percent-
age of their time in mixed-species schools
without congenerics. This behavior may be
advantageous because limited resources in the
deeper depths could amplify intra-generic
competition. Algal resources may be less at
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Figure 3. Dominant food types of doctor fish and ocean
surgeons in deep (> 5 m) and shallow (< 5 m) water from
90 observations of doctor fish and 192 observations of
ocean surgeons feeding in Discovery Bay, Jamaica.

deeper depths due to less light or different
species compositions. Thus, doctor fish and
ocean surgeons would attempt to increase
their fitness by reducing the time spent forag-
ing in direct competition with congenerics.
In the shallower depths, the high per-
centage of schooling with congenerics by both
species may be attributed to a reduction in
intensity of competition. If resources are more
abundant in the shallow waters, ocean sur-
geons and doctorfish may not need to avoid

each other in order to co-exist. Further study
could examine the abundance of food in
deeper depths compared with shallow.
Alternatively, fish could be less likely
to school with congenerics in deeper depths
if fish abundances were lower. Foster (1987)
demonstrated that fish are less likely to school
at lower densities. Low total abundances of
congenerics in a habitat may affect schooling
behavior by reducing the encounter rate be-
tween congenerics. However, abundance, and
therefore encounter rates, were found to be
constant between deep and shallow depths in
this study. Thus this theory does not appear
to explain the differences we observed.
Contrary to our hypothesis, we found

no evidence for resource partitioning by food

type. The similar diets of doctorfish and ocean
surgeons suggest that neither species excludes
the other from a preferred food source, or that
competition has not led to food niche parti-
tioning. Thus, partitioning of resources ap-
pears to occur only through spatial mecha-
nisms in the two species.

Foster (1985) indicates that, in certain
cases, reduced competition for food is not a
major advantage of mixed species schools.
Instead, schooling in areas where damselfish
territories maintain many algal resources may
benefit all members of a school, regardless of
competition. Damselfish territories were rela-
tively abundant in all of our sites, and gain-
ing access to these high-resource areas may
be more important than possible intra-generic
competition in ocean surgeon and doctor fish.

Thus, our study suggests these species
of the Acanthuridae use depth to spatially par-
tition resources, choose to participate in
schools with varying compositions at differ-
ent depths, and do not seem to have different
diets. Elucidating foraging patterns of reef
fish, especially of species with significant
niche overlap such as ocean surgeons and
doctor fish, contributes to an understanding
of the high diversity of coral reef assemblages.
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